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=M Global Property Loss Prevention

Contribute to reducing the risk of property loss around the globe.
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Worldwide Consistency
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@ 59,500+ serviced locations in 145+ countries
@ 110,600+ Engineering visits per year
@ Overi 7,000+ loss opportunities each year
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Large Loss activity

Negative Factors

41 Fire/Explosion Losses

Sprinkler Systems

Over 50% involved Ignitable §
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The Paradigm of Ignitable Liquids




s the Liquid Flammable or Combustible?.... W

« Combustible * Flammable
* liquids that needed additional « liquids that vaporized sufficiently
heat to vaporize sufficiently to to ignite at ambient temperature.

ignite.

P0039_FireScienceOflgnitableliquids




Is the Liquid Flammable or Combustible

Room Temperature




Fire Losses by Ignitable Liquid Type

Frequency Severity Low

Low Flash

Flash Point

Point Liquid

Liquid 27%

38%

High
Flash
point
Liquid

62%

73%

Low Flash point: FP < 200°F
High Flash point: FP > 200°F



High Flash Point Liquid Fire Losses

Cooking Frequency Severity
QOil Cooking
8% QOil

Others 14%
Heat Transfer 41% Heat Transfer
Fluid Fluid \
6%
12% ’ Others
48%
Lube QOil
15% Lube Oi
19%
Hydraulic Fluid Hydraulic Fluid

24% 13%

High Flash point: FP > 200°F



Low vs. High Flash Point Liquids

Characteristic

Low Flash Point
Ignitable Liquids

High Flash Point
Ignitable Liquids

Heat of combustion

Very high heat of combustion

Very high heat of combustion

HRR

Very high

Very high

Surface area

Can form large surface areas

Can form large surface areas

Ignition at room
temp.

Easily ignited at room
temperature

Difficult to ignite at room
temperature

Ease of ignition
when sprayed

Easy to ignite when
sprayed

Easy to ignite when
sprayed

Ease of fire spread

Fast spread across
surface

Slower spread across
surface

Vapor generation

High vapor generation rate
= high vapor spread

Low vapor generation rate
(as long as not heated)

Extinguishment
with sprinkler
discharge

Cannot extinguish with sprinklers
(cannot cool below fire point)

Pool fire can be extinguished with
sufficient sprinkler discharge




Boiling, g’:&‘

Point _\ .




.
Specific
Gravity

1500 mli
KIMAYX
uUusaa

NO. 14005

APPROXIMATE VOLUMES

1400 ml

1000

600




Miscibility vs. Solubility

e |
Ignitable
Liquid
Ignitable
Liquid

Limited Solubility Limited Solubility
Sp. Gr.<1.0 Sp.Gr.>1.0

Water/
Ignitable

Liquid
Mixture

Miscible

Miscible = 100% soluble




FM Global

Single IBC in sprinklered machine shop
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FM Global

Pool Fire




FM Global

Spray Fire




FM Global

Three
Dimensional
Spill Fire




FM Global

Pool Fire




FM Global Containment

’{_ = amount of liquid sp
harge (duration of fire)
‘ e e

Faad %

oy

: ‘[p [wvth d!ramage]'




Containment

Depth of spill 6in. 8in. 10 in. 18 in.
Area of spill 74 sq.ft. 55 sq.ft. 44 sq.ft. 25 sq.ft.
10,216 BTU/sec| 7,231 BTU/sec| 5,543 BTU/sec| 2,764 BTU/sec
Heat Release
11 MW 8 MW 6 MW 3 MW
Duration 49.18 min 66.17 min 82.71 min 145.57 min
Flame Height™ 18 ft 16 ft 15 ft 13 ft
# of Package Boilers** 15 boilers 10 boilers 8 boilers 4 boilers

*  Method of Thomas - Reference: SFPE Handbook of Fire
Protection Engineering, 2nd Edition, 1995, Page 3-204.

** Assuming 2,500,000 BTU/hr Boiler ' :20




FM Global

Doorway Spill Barriers
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FM Approved containment FAft!orer
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Composite IBC stored in an IBC Containment Unit




FM Approved IBC

FCOBULK SX-D




FM Global

Pool Fires — High FP Ignitable Liquids

Fire spread across pool is slow
AS can impact high FP liquids if containment provided

Moderate damage to building but loss of structure is not expected
Exception is excessive guantity of liquid, heated, or pumped feeding

the pool fire

Liquid Flash Point

Drainage
F Required

Protection Goal

Maximum
Roof
Height

ft

Ceiling Sprinkler

Response /
Nominal
Temperature
Rating /
Orientation

K-factor
gpm/psil2

SR /High / Any

Density
gpm/ft?

Demand
Area
ft2

4,000

Any

Yes Fire control only 40 3 0.3
SR/ OArdmary/ >8.0 6,000
ny
FP 2200 and < 414 i
15 SR/ Ordinary / > 11.2 0.3 2,000 for
Or Any pool
FP 2 414 and heated in . areas up
equipment that will 30 SR/OArdlnary/ 211.2 0.4 to 200
resist failure in a fire N Fire ny ft2
(e.g., steel) ° Extinguishment SR/ Ordinary /
40 211.2 0.7
Any 8,000
. >200 ft2
45 SR/ Ordinary / > 11.2 0.8 < 625 ft2



-On:om:
FM Global HE

Pool Fires — Low FP Ignitable Liquids

= Fire spread is fast across the pool
= AS cannot put fire out in non-miscible liquids

= AS can impact water miscible (alcohols, acetone) liquids but this
takes time

= Drainage is required
= Protection is to control steel temperatures in building only

Protectio 08 ROOT Helg Response / Nominal
Temperature Rating / K-factor gpm/psit/2
Orientation

SR/ High / Any >8.0 4,000

Y Fi trol onl 0.3
FP < 200 es Ire controt only 40 SR/ Ordinary / > 8.0 6,000

Any




FM Global

Fire Protection Strategy

= Pool fires with flash points above 200°F , 5
= Water-miscible liquids,

= Liquids that are heavier than water (specific gravity greater
than
— (These are fires that can be extinguished by automatic sprinklers)

= Pool fires with flash points below 200°F
= Spray fires
= Three-dimensional pool fires

— (These are fires that cannot be
extinguished by automatic sprinklers)




FM Global

Spray Fire




Spray Fire W




Location and isolation F\pelobal
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Automatic shutoffs




FM Approved Ignitable Liquid shutoff valves

Fusible Link Ball Valves
, FM Approvals
P
3 CAUTION!
e , phy Member of the FM Global Group
d o )
-:’ (X '} tl,l',

Approval Standard
for
Liquid and Gas

Safety Shutoff
Valves

Class Number 7400

November 2016

[INTERNAL]



Emergency / Safety Shutoff Valves (SSOV)

Fire-Safe Air Operated
Safety Shut Off Mixer
Valve
& ] ] Open Grate Mezzanine With
T Heat Activated Automatic Automatic Sprinklers Provided Below
/ Closing Lid
LN
- . Dead-Man Type
Welded Steel Piping System. Fire Valve Control Button
. X Resistant Gaskets at All Flanged
Fill Tube-T” onts g
1 ' Drum
Tank . Normally Closed ~ Bonded
5 Steel Mixing ~ Control Valve to Fil
Grounded - : Pipe
‘ Tank
[ G —
‘ Air Operated
e 5 Positive
‘ Displacement - p—
¥ Pump Electrical Jumpers ==\ oum
> / Installed Across All o E
‘ ) Flanged Joints. Liquid . Grounded
/ Control  Fill Tube~—a
/ Meter :

/ Fire-Safe Safety
Shut Off Valve

Automatic Sprinklers Provided
Below All Tanks With a Diameter
>3 ft or 10 sq.ft. Area



F lobal
Emergency / Safety Shutoff Valves (SSOV) M
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Manual intervention? F\pelorer




Automatic shutoffs Fpetobar
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Automatic shutoffs F




FM Global

Three
Dimensional
Spill Fire




3-D Fire potential

Lube oil pump(s)

Lube oil reservoir

Turbine

Containment

Pedestal

Cat-walk

Local Sprinklers
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FM Global Drainage

Needed if firep f
protection cannot :
extinguish the fire =88

-~
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FM Approved Drainage Floor Assembly

SAFESPILL

—_— Concrete Floorin
SYSTEMS -

Spill Comparison Video




Ignitable Liquid Drainage Floor Assembly

Logic
Controller g

Zone Zone Zone

High Level Alarm
________________________________ Pump

:r 1: Controller
i : Dréaigsge 4 | 03k Detection Trench
! Containment System :
. Secondary Containment |

Zone Zone Zone




Ignitable Liquids Drainage Floor Assembly

Logic
Controller g
Zone Zone Zone
High Level Alarm
________________________________ Pump
r i Controller
D i -
9098¢ || e | @2k Detection Trench

nmn

Secondary Containment

. | Containment System | |

Zone Zone Zone




Six-Zone ILDFA System

Logic
Controller

Zone Zone

Leak Detection (Trench/Zone)
High Level Alarm Gy ZOne Flush Flow

Pump

Controller Leak Detection Drainage Box

| — Pumps On
: Draaicr::ge <4 | eak Detection Trench

High level in Tank
Gy Alarm

——————————————————————————————————

Zone Zone Zone




Flushing System

Logic
Controller

High Level Alarm

Pump
Controller

Drainage
Box

G— | 03k Detection Trench

nmn

Secondary Containment

. | Containment System | |




Collection Trench

Logic
Controller g

Zone Zone Zone 2" osim)

14" (0356

High Level Alarm

Pump
Controller

——————————————————————————————————

Drainage

Box G— | 03k Detection rench

nmn

Secondary Containment

. | Containment System | |

Zone Zone Zone




Discharge Pump & Controller

Logic
Controller g

Zone Zone Zone

High Level Alarm
________________________________ Pump

:r 1: Controller
i : DraBiQ:ge — | 03k Detection Trench
! Containment System :
. Secondary Containment |

Zone Zone Zone




Containment System

Logic
ot Controller
Kbkl iy it bl Q0 om0 LI
; Zone Zone Zone
High Level Alarm
________________________________ Pump
r ! Controller

1

1

1

:

1

D i -

: o 4 | 03k Detection Trench
1

1

1

1

1

1

1

1

1

1

1

1

1

Zone Zone Zone




Drainage Flooring System

m Second Revision No. 7-NFPA 409-2021 [ Section No. 6.1.1]

NFPA

6.1.1

The protection of aircraft storage and servicing areas for Group | aircraft hangars shall be in
accordance with any one of the following:

(1) A foam-water deluge system, as specified in 6.2.2. In addition, supplementary protection
systems as specified in 6.2.3 shall be provided in hangars housing single aircraft having wing
areas greater than 279 m?2 (3000 ﬁ2).

(2) A combination of automatic sprinkler protection in accordance with 6.2.4 and an automatic low-
level low-expansion foam system in accordance with 6.2.5.

(3) A combination of automatic sprinkler protection in accordance with 6.2.4 and an automatic low-
level high-expansion foam system in accordance with 6.2.5.

(4) A combination of automatic sprinkler protection in accordance with 6.2.4 and an ignitable liquid
drainage floor assembly in accordance with 6.2.13.



Drainage Flooring System

Floor Dimensions:

Two bay: 224 ft wide * 82 ft long
Three bay: 351 ft wide * 82 ft long
Total Sqgft: 47,150 ft?

Pump skid

Pump skid

Sub-grade
trenches

Pump skid




Floor Footprint FAET

Partial Layout Wall-to-Wall Layout

[INTERNAL]



Drainage Flooring System
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FM Global
Property Loss Prevention Data Sheets 7-32
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FM Global
Property Loss Prevention Data Sheets 7-29

October 2020
Interim Revision January 2023
Page 1 of 151

IGNITABLE LIQUID STORAGE IN PORTABLE CONTAINERS
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General Performance Goal W

Limit release

Contain release

‘Remove fuel

*Provide cooling

Extinguish — in some cases



Eight step evaluation process

= Recognize and understand the process
= |[dentify hazards of liquid

= |[dentify hazard isolation

= Design active protection systems

= Design passive protection systems

= Design equipment process and controls
= Design ignition source control

* Finalize hazard analysis

al°




NFPA and Ignitible Liquids

Fire and Explosion Prevention and Risk
Control

This chapter shall apply to the hazards associated with storage, processing, handling, and use of
ignitible (lammable or combustible) liquids. This chapter shall also apply when specifically
| referenced by another chapter.

An engineering evaluation shall include, but not be limited to, the following:

(1) Analysis of the fire and explosion hazards of the operation

(2) Analysis of emergency relief from process vessels, taking into consideration the
properties of the materials used and the fire protection and control measures taken

(3) Analysis of applicable facility design requirements in Chapters 17,18, 19, 28, and 29

(4) Analysis of applicable requirements for liquid handling, transfer, and use, as covered in
Chapters 17,18, 19, 28, and 29

(5)  Analysis of local conditions, such as exposure to and from adjacent properties and
exposure to floods, earthquakes, and windstorms

(6) Analysis of the emergency response capabilities of the local emergency services



FOAM Protection

FIREFIGHTING FOAM ENVIRONMENTAL LEGISLATION IMPACT

The purpose of this publication is to help your company understand firefighting foam environmental legislation changes
and the potential impact on foam-water sprinkler protection.



Foam Properties, Effectiveness, Limitations W

Why is AFFF, AR-AFFF or SFFF effective?
Bubbles

Suppresses vapor
Aqueous Film or Excludes oxygen
Polymeric Membrane
Vapor [

(RO

Cools

0 06

Fuel



SFFF Properties, Effectiveness, Limitations

= Performance on Ignitable Liquid Type

* Not a “Drop-In” replacement

= Specific Discharge Devices as FM Approved




SFFF Update — Fuel Analysis

= Hydrocarbons

* Heptane is key
(2 flash point and < vapor pressure)

= Polar solvents
= What is polar?
= Miscible/ soluble

= Pure
= What was tested
* Risk Service Test????
= Mixture
= Hydrocarbon + any amount polar solvent




SFFF Update: <FM> Systems — Discharge Devices WHX

= Sprinklers — Yes

= Foam chambers — No- Yes

= Grate nozzles — No

= Monitor nozzles — NO



Compressed Air Foam systems W

* Deluge water, Foam-Water, Compressed Air Foam
* Deluge — containment & drainage provided

« Foam-Water — containment but no drainage; costly
Installation & on-going maintenance (AFFF, AFFF-AR, SFFF)

« Compressed Air Foam — Containment but no drainage; less
costly, more effective, less on-going maintenance

Foam-Water Compressed Air Foam




Firefighting Foam Regulations and Bills Update W

= Use or Discharge
Requirements, such as
Training or Testing
Requirements




Firefighting Foam Regulations and Bills Update W

PFAS Firefighter Protection Act



Firefighting Foam Regulations and Bills Update

<EPA

United States

Environmental Protection

Agency

Environmental Topics v

Search EPA.g

Laws & Regulations v Report a Violation v About EPA v

Reducing HFCs

Reducing HFCs Home

HFC Allowance Allocation

and Reporting

Technology Transitions

Managing Use and Reuse

Background on HFCs and

the AIM Act

Notices and Rulemakings

Public Meetings

CONTACT US

Background on HFCs and the AIM
Act

Find information on upcoming and past public meetings here.

On this page:

s What is the AlM Act?

e AIM Act Enforcement

e Sector Fact Sheets

e Kigali Amendment to the Montreal Protocol

e |nflation Reduction Act Provisions for AIM Act Implementation

What is the AIM Act?

On December 27, 2020, the American Innovation and Manufacturing (AIM) Act of 2020 was
enacted as section 103 in Division S, Innovation for the Environment, of the Consolidated
Appropriations Act, 2021 (H.R. 133 (116th): Consolidated Appropriations Act, 2021 [Including
Coronavirus Stimulus & Relief]). The AIM Act authorizes EPA to address hydrofluerocarbons
(HFCs) by providing new authorities in three main areas: to phase down the production and
consumption of listed HFCs, manage these HFCs and their substitutes, and facilitate the

transition to next-generation technologies through sector-based restrictions.

e Readthe AIM Act (42 U.S. Code section 7675)

Chemical Name

Common Name

CHF5CHF 3 HFC-134
CH>FCF4 HFC-134a
CH3FCHF3 HFC-143
CHF3CH,CF4 HFC-245fa
CF3CHCFoCHS HFC-365mfc
CF3CHFCF, HFC-227ea
CH3FCF2CFy HFC—-236ch
CHF3CHFCF4 HFC-236ea
CF3CH5CFy HFC-236fa
CH5FCF5CHF 5 HFC—-245ca
CF4CHFCHFCF;CF4 HFC—-43-10mee
CHxF3 HFC-32
CHF5CF4 HFC-123
CH3CF4 HFC-143a
CH4F HFC-41
CH5FCH,F HFC-132
CH3CHF3 HFC-152a
CHF3 HFC-23
CHFC15 HCFC-21
CHF3C1 HCFC-22
C5HF3C12 HCFC-123
C5HF 4C1 HCFC-124
CH4CFC1, HCFC-141b
CH4CF5C1 HCFC-142h
CF3CF2CHCA, HCFC-225ca
CF;C1CF,CHC1F HCFC-225ch
CFC14 CFC-11
CF>C14 CFC-12
C5FaC14 CFC-113
C5F4C13 CFC-114
C5F5CA CFC-115



FIREFIGHTING FOAM ENVIRONMENTAL LEGISLATION IMPACT

The purpose of this publication is to help your company understand firefighting foam ervironmental legislation changes

and the potantial impact on foam-water sprinkler protection.

History of Foam

Firefighting foam has been used for over 100 years to control
ignitable liquid pool fires —evolving from early foams that
mixed powders with water, to liguid protein-based foams, to
foam concentrates containing fluorine, and most recantly to
synthetic fluorine-free concentrates (due to environmeantal
concerns with fluorine foams).

HOW FOAM WORKS

Low-expansion aqueous film-forming foam [AFFF) forms a
film owver the surface of an ignitable liquids pool to suppress
the generation of flammable vapors and prevent oxygen
from mixing with vapors to form a flammable mixture. Thesa
fluorine-based foam concentrates have bean used in various
applications including protection of ignitable liquids storage
and operations in manufacturing facilities, aircraft hangars,
fuelunloading stations and many others.

Agueous film or
polymeric membrane

Suppressss vapor

/— Excludes cxygen

ik e N

& " Cools

Low-expansion synthetic fluorine-free foam (SFFF) also forms
3 barrier to isolate the fuel and vapors from air, however, the
strength of this barrier is significantly less than that created
by fluorinated foam. This reduction in strength necossitates
the formation of a stable layer of bubbles for the foam

blanket to protect the barrder until the fire can be extin-
guished. Failure to generate a stable layerof bubbles will
not allow the fire to be extinguished.

Environmental Concerns

Government restrictions on fluorine-based foam concen-
trates ara increasing.The focus of restrictions was originally
on foam concentrates that contain or break down into par-
fluorooctane sulfonate (PFOS) andfor perfluorooctanoic acid
(PFOA). Both substances are believed to have adverse health
affacts. For health and environmental reasons, electrochami-
cal fluorinated and long-chain fluoresurfactant Ca foam
concantratas associated with these substances are no longer
produced and thers are no C2 foam concantrates listed in the
FM Approval Guide.

Once foam manufacturers recognized the environmental
challenges of C2 foam concentrates, they began to develop
new chemistries. Replacemeant C6 foam concentrates bacame
available around 2016, These foams, manufactured with short-
chain fluorosurfactants, do not contain or break down into
PFOS or PFOA. However, both C6 and C2 foam concentrates
have fluorochemicals and are per- and polyfluoroalky! sub-
stances (PFAS). Much of the enacted and proposed legislation
traats all PFAS chemnicals the same, regardless of the length
of the fluorosurfactant chain. This has prompted the develop-
ment of SFFF concentrates, which do not contain fluorina.
While formulations are improving, there are limitations on
the fuels which can be adequately protectad by SFFE Ancthar
significant issue with SFFF replacement concentrates is that
these are not “drop in™ alternatives. There are often differanc-
8s in viscosity and other physical properties which necessitate
the redesign of the foam delivery systam (storage container,
proportioner) and discharge devices (foam-water sprinklers,
foam chambers, ete.).

Impact of Recent Firefighting
Foam Legislation

Legislative activity regarding PFAS is rapidly increasing, with
miany countrias and states enacting or proposing rastrictions
on PFAS chemicals. As of 2022, nearly half of the U.5. states
have enactad legislation banning, phasing out, or restricting
the testing and discharge of PFAS firefighting foam. Many of
thie other LS. states have proposed legislation which may
ba enacted in the coming years. Federal legislation has also
been proposad in the U.S. which would ban all firefighting
foam with PRAS. Similar legislation has been enactad in
New Zealand and several Australian states. The Netherlands,
Danmark, Garmany, Norway and Swadan have published
their intention to propose a ban on all PFAS in Europe
lincluding firefighting foami.

FM Global cliznts ara facing requirements to remova axist-
ing foam systems, difficulty in obtaining compatible foam
concantrate to refill systems, bans on testing of foam-watar
sprinklar systams, and requireaments to captura and incinare-
ate released foam. Recognizing the challenges our clients
face with maintaining their foam-water sprinkler systams,
FM Global, with FM Approvals, continues to assess ways
to test the systams, e.g., surrogate foam concentrates and
water equivalency or flowmeters, that either aliminate the
discharge of foam or at laast minimize it.

Key Issues Related to Foam System Testing

1. Sales of PFAS foam concentrates have been banned in
several countries/states. As of 2022, at least eight U.5.
states, thrae Australian states, and New Zaaland have
enacted legislation to ban sales of soma or all PFAS
firefighting foam.

2. Some jurisdictions have established mandatory dates
for decommissioning existing fire protection systems
containing PFAS foam.

3. System discharge testing of PFAS foam concentrates
has bean prohibited or rastrictad in several states and
countries.

4. Collection and disposal of the foam materials containing
PFAS (typically with high-temperature incineration) is
also mandated in many states and sevaral countries. Tha
disposal raquirements for fluorine-free foams have not
bean dafined.

Firefighting Foam Recommendations

1. Significant action should not be taken for existing foam
systems [i.e., remove or replace them) unless mandated,
as proven replacemant opticns continue to evolva. How-
ever, bagin planning/budgeting for the futura changes
by documenting the specifications of current AFFF foam
systams which are likely to be mandated for replacament
in the coming years.

2. If removal‘replacement of a foam system is mandated,
or if any other changes to foam systems are planned,
contact your FM Global represantative to identify
FM Approved systems for replacement to ensure accept-
able fira protection performance. Maver replacs an exist-
ing AFFF concentrate with an SFFF concentrate without a
full evaluation of the currant equipment.

3. Verify the operability of foam systems using alternativa
discharge test methods as recommended in FM Global
Property Loss Prevention Data Sheets as assessed by
FM Approvals. If alternative methods are not available,
conduct testing of foam systams prior to any legislative
changes which would make proper testing more difficult.
Dispose of any discharged foam-water solution effluent
or foam in accordance with local regulations.

4. Confirm all foam concantrata tanks are full and varify
continued availability of reserve supplies prior to any
legislative changes which would make obtaining the
foam concantrats mora difficult.

5.  Thoroughly consider the design implicaticns and budget
for long-term testing costs befors installing new foam
systams.

6. Consider designs that eliminate the nead for 2 foam
system—including solutions such as emergency drain-
age, limiting liguid quantities, and use of FM Approved
containment systems or drainage systams.

If you have additional questions, please contact your
FM Global enginear or client service taam.
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Alternatives to Foam F\feloser

= Drainage

* Drainage + Shut-offs
= Reduced duration




Alternatives to Drainage FNfeloser

= |eak Detection and Shutoffs
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